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The invention relates to a method and test strip for detecting the presence of an analyte of interest in a biological liquid sample. The 
test strip comprises a porous membrane (30) adhered to a solid support (20) which has a first end (12) and a second end (14); a matrix 
(40) comprising labelled particles fixed to the first end of the membrane, which particles are capable of conjugating with an analyte of 
interest which may be present in the sample to form a conjugate which can migrate along the membrane toward the second end when the 
membrane is in a wet state and at least one test zone (50) on the membrane downstream of the matrix, which test zone comprises a first 
biological agent bound thereto which is capable of specifically conjugating with the analyte of interest, and at least one control zone (60) 
delineated on said membrane and located downstream of said matrix, which comprises a detectable marker capable of being washed away 
from the control zone on contact with said liquid sample, as said liquid sample migrates across said control zone towards said second end. 
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IMMUNOCHROMATOGRAPHY TEST STRIPS 
BACKGROUND OF THE INVENTION 

The invention relates to an analytical test strip for the detection of an analyte 
of interest present in a liquid sample, based on inimunochromatography of the 
5 analyte. 

Several immunoassay methods for detecting antibodies or antigens are known 
in the art. In principle, such methods are base on the binding of an antibody or 
antigen of interest to an immobilized specific antigen or antibody thereagainst, 
or any other biological agent capable of specifically conjugating therewith to 

10 form a complex, and detecting a specific signal, which indicates the formation 
of such complex. Signals used may be radioisotopic signals (such as 3 H, 125 L 
57 Co), enzymatic signals (such as horseradish peroxidase, alkaline 
phosphatase), luminescent signals (such as luminol or acridine) or 
immunochromatographic signals (such as colloidal gold , or colored latex 

15 particles). < 

More specifically, inimunochromatography methods known in the art are 
based on conjugation of antigens or antibodies to the colored particles to form 
conjugates. Antigens or antibodies, directed against the analyte of interest, 
referred to as "capturers", are bound to a porous membrane, optionally fixed 

20 onto a solid support, at a specific line along the membrane, referred to as the 
test line. According to this methodology, a liquid sample containing the 
analyte of interest to be detected is applied to one end of the test strip which 
contains the colored particles. As a result, the sample and the colored particles 
migrate together along the porous membrane. In case the sample contains the 

25 analyte of interest, such analyte, when applied to the membrane, will conjugate 
to part of the colored particles and move along the porous membrane until 
reaching the test line containing the "capturers". The analyte will conjugate 
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with its "capturer", forming a complex which would not further migrate along 
the porous membrane, fixing thereto also part of the colored particles, thus 
producing a visible colored signal, usually a fixed line, indicating the presence 
of the analyte of interest in the liquid sample, a positive result. Any 
5 unconjugated colored particles will continue to migrate along the porous 
membrane until reaching a control line, comprising, bound thereto, the analyte 
of interest already conjugated to its "capturer". As a result, the particles will 
bind to the bound analyte and a visible control line will also appear. In case the 
analyte of interest is absent from the tested sample, the unconjugated colored 
10 particles will pass through the test line, until reaching the control line. As a 
result, only the visible control line will appear. Since at the position of the test 
line no visible color has been formed, the appearance of only the single, 
control line will indicate a negative result. 

Typical immunochromatographic tests for measuring antigen are for detection 
15 of Human Chorionic Gonadotropin (HCG) and Human Immunodeficiency 
Virus (HIV). In the latter, antibodies present in the sample^ bound to protein A 
conjugate with colloidal gold and this conjugate will bind, in a positive test, to 
the HIV antigens, fixed onto the membrane in the test line. 



SUMMARY OF THE INVENTION 

20 The present invention relates to a test strip for detecting the presence of an 
analyte of interest in a biological liquid sample, said strip comprising a porous 
membrane suitably adhered to a solid support and having a first end and a 
second end; a matrix comprising labelled particles suitably fixed onto said first 
end of said porous membrane, said labelled particles capable of conjugating 

25 with said analyte of interest, upon contact therewith, to form a conjugate 
capable of migrating at least downstream along said membrane toward said 
second end when said membrane is in a wet state; at least one test zone 
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delineated on said porous membrane downstream of said matrix, said at least 
one test zone comprising a first biological agent bound thereto capable of 
specifically conjugating with said analyte of interest, at least one control zone 
delineated on said membrane and located downstream of said matrix, said at 
5 least one control zone comprising a coloured material capable of being washed 
away from said control zone on contact with said liquid sample, as said liquid 
sample migrates across said control zone towards said second end. 

The test strip according to the invention may comprise a single test zone 
downstream of said matrix, or a plurality of test zones preferably, also 
1 0 downstream to said matrix. 

Within the test strip of the invention, said coloured material is chemically inert 
with respect to at least the analyte of interest, and said labelled particles are 
bound to a second biological agent. 

The strip of the invention may be accommodated within a housing, said 
15 housing enabling at least part of said matrix to be in corrfrnunication with the 
exterior of said housing such that said sample can be applied to said test strip, 
and further comprising a window juxtaposed over at least a portion of said 
strip, the said membrane located on said portion being in visual 
communication with the exterior of the housing, wherein said portion 
20 comprises at least a part of at least one said test zone and further comprises 
said at least control zone. 

In addition the invention is concerned with the different methods for detecting 
the presence of an analyte of interest in a biological liquid sample employing 
the test strip of the invention. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 illustrates a perspective view of the first embodiment of the 

test strip according to the invention; 

Figure 2 illustrates a perspective view of the second embodiment of the 

5 test strip according to the invention; 

Figure 3a-3e illustrates a plan view of the test strip with different 
configurations of the test zones; (a) a single test zone being in 
the form of a narrow band; (b) a single test zone in the form of 
an elongated band; (c) a test strip comprising a plurality of test 

10 zones, each in the form of a narrow band and sequentially 

located adjacent one to another; (d) the test strip of Figure 3(c) 
comprising a low quantity of the analyte of interest, thus 
exhibiting only one signaled test zone; (e) the test strip of 
Figure 3(c) comprising a high quantity pf the analyte of 

1 5 interest, thus exhibiting a plurality of signaled test zones. 

Figure 4a-4b Figure 4(a) illustrates a plan view of one embodiment of a 
housing accommodating the test strip of Figure 2; Figure 4(b) 
is a cross-sectional view along the line C-C of Fig. 4(a). 

Figure 5a-5b Figure 5(a) illustrates a plan view of a different embodiment 
20 of a housing accommodating the test strip of Figure 2; Figure 

5(b) is a cross-sectional view along the line D-D of Fig. 5(a). 

Figure 6a-6c Figure 6(a) illustrates a fragmented plan view of the housing 
showing the strip of Figure 3(b) via the window of the 
housing; Figure 6(b) illustrates schematically the manner in 
25 which a relatively low amount of analyte is detected; Figure 
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6(c) illustrates schematically the manner in which a relatively 
high amount of analyte is detected. 
Figure 7a-7d Figure 7(a) illustrates a fragmented plan view of the housing 
showing a strip, comprising a test zone in the form of a 
5 triangle, via the window of the housing; Figures 7(b) to 7(d) 

illustrate schematically the manner in which positive results 
are indicated in relation to the appearance of the signaled 
triangle. 

Figure 8a-8d Figure 8(a) illustrates a fragmented plan view of the housing 
10 showing the strip of Figure 3(c) via the window of the 

housing; Figure 8(b) illustrates a negative result; Figure 
8(c) illustrates a positive result when a low amount of analyte 
is present in the sample; Figure 8(d) illustrates a positive result 
however when a high amount of analyte is present in the 
15 sample. 

Figure 9a-9c Figure 9(a) illustrates a fragmented plan <view of the housing 
showing the strip of Figure 3(a), further comprising an 
auxiliary test zone, via the window of the housing; Figure 
9(b) illustrates a negative result; Figure(c) illustrates a positive 
20 result. 

Figure 10 illustrates a test strip comprising an extended support and an 
observation cover according to the third embodiment of the 
invention. 

Figure lla-lle Figure 1 1(a) illustrates one example of a control zone as 
25 viewed through the observation cover of Figure 10; Figure 

1 1(b) illustrates a negative result obtained with the strip of 
Figure 10; Figure 11(c), Figure 11(d) and Figure 11(e) 
illustrate positive results obtained with the strip of Figure 10 
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with a low, medium and high amount of analyte in the sample, 
respectively. 

Figure 12 illustrates a perspective view of the fourth embodiment of the 
test strip according to the invention; 



5 DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a test strip for detecting the presence of an 
analyte of interest in a biological liquid sample, said strip comprising a porous 
membrane suitably adhered to a solid support and having a first end and a 
second end; a matrix comprising labelled particles suitably fixed onto said first 

10 end of said porous membrane, said labelled particles capable of conjugating 
with said analyte of interest, upon contact therewith, to form a conjugate 
capable of migrating at least downstream along said membrane toward said 
second end when said membrane is in a wet state; at least one test zone 
delineated on said porous membrane downstream of said matrix, said at least 

15 one test zone comprising a first biological agent bourid thereto capable of 
specifically conjugating to said analyte of interest, at least one control zone 
delineated on said membrane and located downstream of said matrix, said at 
least one control zone comprising a coloured material capable of being washed 
from said control zone on contact with said liquid sample, as said liquid 

20 sample migrates across said control zone towards said second end. 

By way of example only, some preferred embodiments of this invention are 
described hereinbelow in detail, with reference to the accompanying drawings. 

1st Embodiment 

Figure 1 illustrates the first embodiment of a typical strip for detecting the 
25 presence of an analyte of interest in a biological liquid sample according the 
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present invention. According to this embodiment, the strip of the invention, 
generally designated (10), comprises a porous membrane (30) suitably adhered 
to a solid support (20). The strip (10) is typically elongate and conveniently 
rectangular, and comprises a first end, (12) and a second end, (14), wherein 
said first end is upstream to said second end. The strip (10) is also preferably 
of a rectangular cross section, having a width greater than its depth. Typically, 
said membrane is a cellulose or nitrocellulose membrane. Cellulose 
membranes can be pretreated by various methods, for example by cyanogen 
bromide activation for photoactivation reagents. Further, the membrane can be 
further coated with a blocking reagent which is capable of preventing a false 
positive result. 

A matrix (40), comprising labelled particles, is suitably fixed onto said first 
end (12) of said porous membrane (30). Said labelled particles are capable of 
conjugating with an analyte of interest, upon contact therewith, to form a 
15 conjugate which is capable of migrating at least downstream along said 
membrane toward said second end (14) when said membrane (30) is in a wet 
state. The said labelled particles are typically colloidal gold particles or 
alternatively coloured latex particles and are thus readily visible to the user. 
The labelled particles are preferably bound to a second biological agent which 
20 may be a protein or a peptide, preferably protein A or an antibody directed 
against immunoglobulin A. Alternatively, the labelled particles may be bound 
to other biological or chemical agents which in the presence of said analyte of 
interest may lead to the production of a detectable signal. The said matrix (40) 
is typically comprised of fiber glass or polyester, or any other suitable material 
25 which does not prevent the labelled particles from migrating along the 
membrane (30) when the latter is in a wet state. 

The test zone (50) of the invention is preferably delineated on said porous 
membrane (30) downstream of said matrix (40), and comprises a first 



5 



10 
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biological agent, bound to said porous membrane in said test zone (50), which 
is capable of specifically conjugating with said analyte of interest. The test 
zone may be in the form of a narrow band across substantially the width of 
said strip (10) and substantially orthogonal to the migration path of the liquid 
5 sample through the membrane (30). Nonetheless, other configurations of the 
test zone are possible, as is the delineation of a plurality of test zones on said 
strip (10), as hereinafter described for different embodiments of the present 
invention. 

The test strip (10) further comprises at least one control zone (60) which is 
delineated on said membrane (30) and is typically located downstream of said 
matrix (40). In this embodiment, the control zone (60) is also located 
downstream of the said test zone (50), though the control zone (60) may 
alternatively be located upstream of the said test zone (50) or within it. Having 
said control zone within said test zone may be advantageous, for example 
because it enables the user to anticipate the zone in which a positive result 
signal, if any, would appear. The control zone (60) coihprises a coloured 
material capable of being washed away from said control zone (60) upon 
contact with said liquid sample, as said liquid sample migrates across said 
control zone towards said second end. The said coloured material is chemically 
inert with respect to at least the analyte of interest. By the term 'inert 5 it is 
meant that the coloured material does not react with the analyte of interest and 
does not interfere with its capability to conjugate with said first biological 
agent in said test zone. Said coloured material is typically a food dye, a blue 
cobalt salt or any other suitable chemically inert water-soluble marker. 

25 The test strip (10) may be used as follows. A biological or chemical liquid 
sample is brought into contact with the matrix (40) by pipetting the sample 
directly onto the membrane, for example, or alternatively by immersing at 
least a portion of the strip, preferably at the first end (12) of said strip (10), and 
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more preferably at least including a portion of the matrix (30), in a quantity of 
the liquid sample which may be contained in a holding vessel. The liquid 
sample is absorbed into the matrix (40) and from there into the membrane (30) 
(which as result becomes wet), together with said labelled particles which 
5 comprise said second biological agent. The migration path of the liquid sample 
is generally parallel to the length of the strip. 

If the analyte of interest is present in the liquid sample, the labelled particles 
will conjugate therewith to form a conjugate which migrates along said 
membrane, and which in turn conjugates with the said first biological agent 
10 bound to membrane in the test zone (50) and becomes immobilised. As a 
result, the test zone (50) contains a signal produced by the analyte- label led 
particles (with second biological agent)-first biological agent complex which is 
immobilised within said test zone, which signal is detectable by the user. A 
typical signal would be the appearance of a colour at the said test zone (50). 

15 Thus, as the liquid sample, together with the labelled particles, migrate 
downstream toward the said second end (14) of the strip (10), the coloured 
material comprised in the control zone is washed away, thereby conclusively 
indicating to the user that the strip is functioning normally. If the analyte of 
interest in not present in the sample, the labelled particles migrate together 

20 with the sample towards the second end (14), past the said one or more test 
zones (50). 

2nd Embodiment 

Figure 2 illustrates the strip (110) according to a second embodiment of the 
present invention. The strip (110) comprises a porous membrane (130) on a 
25 backing (120), and a matrix (140), with at least one test zone (150) and a 
control zone (160), and is substantially similar to the strip (10) hereinbefore 
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described in relation to the first embodiment, mutatis mutandis. In the second 
embodiment, the strip (110) further comprises a first bibulous or spongy 
material (170), which may be pretreated with a suitable buffer solution suitably 
fixed onto at least said matrix., and optionally a second bibulous or spongy 
5 material (180) suitably fixed to said porous membrane downstream of said 
control zone and said test zone. Said first spongy material may also be fixed 
onto part of said membrane (130), and may act as a reservoir for receiving the 
liquid sample and releasing it onto at least the matrix (130), and optionally also 
directly onto the membrane (130). The second spongy material (180) may act 
10 as a reservoir to collect the liquid sample, together with washed-away coloured 
material and/or labelled particles after migration of the liquid sample through 
the said membrane (130), past the said control zone (160). 

Preferably, said first spongy material and said second spongy material is filter 
paper, and said buffer is PBS (phosphate buffered saline), borate buffer or any 
1 5 other suitable buffer. 

The said strip (110) according to the second embodiment of the present 
invention may comprise a single test zone (150) downstream of said matrix 
(140), said test zone (150) being in the form of a narrow band (151) across 
substantially the width of said strip and substantially orthogonal to the 
20 migration path of said liquid sample on said membrane (130), as illustrated in 
Figure 3(a). In general, such a test zone configuration is useful for the 
qualitative detection of an analyte of interest in a liquid sample. 

Alternatively, the single test zone (150) may be in the form of an elongate 
band (152) having a width substantially equal to the width of the said strip 
25 (110), and is illustrated in Figure 3(b). In general, such a test zone 
configuration may give an indication to the user of the quantity of analyte in 
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the sample: the greater the quantity of analyte, the larger the area of the test 
zone that is rendered detectable. 

In general, the development of a quantifiable signal in the test zone may be 
assessed with an appropriate form of instrumentation. 

5 Alternatively, the test strip (110) may comprise a plurality of test zones (150). 
These test zones (150) may be in the form of a narrow bands (153) across 
substantially the width of said strip (110), sequentially located, preferably 
adjacent one to another on said strip (110), as illustrated in Figure 3(c). In 
general, such a test zone configuration may give an indication to the user of 
10 the quantity of analyte in the sample in a digital-type display. The greater the 
quantity of analyte, the larger the number of bands (153) that are rendered 
visible. Figures 3(d) and 3(e) illustrate schematically the manner in which 
positive results may be indicated on such a strip when analyte is present in the 
sample in relatively low and high quantities, respectively. 

15 The strip (1 10) of the second embodiment may be used in a similar manner to 
that described for the strip (10) of the first embodiment, mutatis mutandis, with 
the difference that liquid sample may be absorbed into the matrix (140) via the 
first spongy material (170). 

Optionally, the strip (110) may be accommodated within a housing (100), said 
20 housing (100) enabling at least part of said matrix (140) to be in direct or 
indirect communication with the exterior of said housing (100) such that said 
sample can be applied to said test strip (110). In one embodiment of the 
housing (100), illustrated in Figure 4, the said matrix (140) is in 
communication with the exterior (600) of said housing (100) via an inlet port 
25 (200) comprised therein, wherein said inlet port (200) enables said sample to 
be brought into contact with said matrix (140) via said first spongy material 
(170). Typically, a sample of liquid may be pipetted onto said first spongy 
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material (170) through said inlet port (200). Alternatively, said matrix (140) is 
in communication with the exterior (600) of said housing (100) via a bibulous 
receiving member (500), as illustrated in Figure 5. The receiving member 
(500) protrudes from said housing (100) via a suitable opening (550) upstream 
5 of said matrix (140) and is in communication therewith; Typically, said 
receiving member (500) is an upstream extension of said membrane and 
support (120) past said first end (112), and may further comprise a parallel 
upstream extension of said first spongy material (170). The receiving member 
(500) may act as a reservoir for receiving said liquid sample and releasing it 
10 onto at least said matrix (140). Typically, a biological liquid sample is brought 
into contact with said receiving member (500) by immersing at least the 
upstream end of the same into a vessel comprising a quantity of said liquid 
sample. 

Typically, said housing (100) comprises a hollow casing construction, and is 
15. made from a moisture impervious solid material such as a suitable plastic 
material, for example. - 

The housing (100) further comprises a window (300) juxtaposed over at least a 
portion (115) of said strip (110), so that the membrane (130) located on said 
portion (1 15) is in visual communication with the exterior (600) of the housing 
20 (100). The said portion (115) comprises at least a part of at least one said test 
zone (150) and further comprises said control zone (160). Said window is 
typically rectangular in form, preferably having a width slightly narrower than 
that of the strip (110). 

When said strip (110) comprises a test zone (150) in the form of an elongate 
25 band (152) as hereinbefore described, the said casing (100) may further 
comprise a suitable scale (111) along at least one side of said window (100) 
parallel to the migration path of the liquid, as illustrated schematically in 
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Figure 6(a). The scale (111) may be calibrated to provide the user with a 
measure of quantity of analyte in the sample. Figure 6(b) and 6(c) illustrate 
schematically the manner in which positive results may be indicated on such a 
strip when analyte is present in the sample in relatively low and high 
5 quantities, respectively. 

Alternatively, the said strip (110) may comprise test zone (150) in the form of 
an elongate triangle (156) having its base at the downstream end of the 
window and its apex at the upstream thereof, as illustrated in Figure 7(a). 
Figure 7(b) and 7(c) illustrate schematically the manner in which positive 
10 results may be indicated on such a strip when analyte is present in the sample 
in relatively low and high quantities, respectively. 

Alternatively, the said strip (110) may comprise a plurality of test zones in the 
form of narrow bands (153), as illustrated schematically in Figure 8(a). Figure 
8(b) illustrates schematically a negative result for this arrangement, while 
15 Figures 8(c) and 8(d) illustrate schematically the manner^ in which positive 
results may be indicated on such a strip when analyte is present in the sample 
in relatively low and high quantities, respectively. Optionally, a suitable scale 
may be provided on the said housing adjacent to the window (300), in a similar 
manner to scale (111) hereinbefore described. 

20 Alternatively, and with reference to Figure 9(a), said strip (110) further 
comprises at least one auxiliary test zone (157) upstream of said window (300) 
comprising said first biological agent in sufficient amount for conjugating with 
a quantity of said analyte in said sample up to a predetermined minimum 
quantity of said analyte. Thus if a liquid sample contains the analyte of interest 

25 in quantities equal to or lower than said minimum quantity, all of the analyte 
will conjugate with the said first biological agent (bound to said labelled 
particles), bound to said auxiliary test zone (157). In such circumstances, a 
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negative result will be indicated to the user, since the auxiliary test zone (157) 
is preferably obscured by the casing and the positive result on the auxiliary test 
zone (157) will thus not be visible to the user, as illustrated in Figure 9(b). 
When the analyte of interest is present in said sample in quantities in excess of 

5 said minimum quantity, the first biological agent in said auxiliary test zone 
(157) is conjugated with said analyte to saturation, allowing the excess analyte 
to conjugate with said biological agent bound in said test zone (150) comprised 
within said portion (115), rendering the said test zone (150) at least partially 
detectable by the user, as illustrated in Figure 9(c). In this manner, it is 

10 possible to calibrate the quantity of first biological agent in said auxiliary testy 
zone (157) for tests where only the detection of quantities of analyte greater 
than a predetermined minimum quantity is of interest to the user. 

The said housing (100), may alternatively accommodate the strip (10) of the 
said first embodiment in a similar manner to the second embodiment of the 
15 strip of the present invention, mutatis mutandis. 

c 

3rd Embodiment 

A third embodiment of the present invention is illustrated in Figure 10. In this 
embodiment the test strip (700) for detecting the presence of an analyte of 
interest according to the present invention comprises a porous membrane (730) 

20 suitably attached to a solid support (720) at a first end (712) thereof. The said 
membrane (730) is typically in the form of a rectangle of low aspect ratio, 
having a width approximately the same as its length and is preferably a 
cellulose or nitrocellulose membrane. The said support is typically of a width 
substantially similar to that of the membrane (730), but comprises a much 

25 greater length, such that the second end (714) of the support (720) is free of the 
membrane (730) and may be used as a handle by a user. The strip (700) further 
comprises an observation cover (710), typically made from a suitable 
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transparent material, suitably attached to the said membrane (730). In this 
embodiment, the cover (710) has substantially the same size and shape as the 
membrane (730) and is juxtaposed on the same. The four edges (735) of the 
membrane (730) are thus left exposed. A control zone (760) may be delineated 
5 on the said membrane (730), comprising a coloured material capable of being 
washed away by the liquid sample on contact therewith. The control zone 
(760) may be in the form of a ring, for example, as illustrated in Figure 1 1(a), 
or in any other suitable form. The strip (700) further comprises a test zone 
(750) delineated on the membrane (730) comprising a first biological agent 
10 bound thereto capable of specifically conjugating to said analyte of interest. In 
this embodiment the test zone (750) extends across substantially the full width 
and length of the membrane (730), as illustrated in Figure 1 1(b). 

The strip (700) of the present invention may be used as follows. The said first 
end (712) of the strip (700) is immersed into a vessel containing the said 

15 biological liquid sample, previously mixed with labelled particles, so that the 
free edges (735) of the membrane (730) are swelled by the liquid mixture. 
Alternatively, the strip may be immersed sequentially in two different vessels, 
one containing the liquid sample to be tested and the other containing the « 
labelled particles in a suitable buffer solution. The strip is then removed from 

20 the vessel(s). The disappearance of the said colour from said control zone 
(760) indicates that the test is valid and that the strip was used properly, while 
there are no other detectable changes in the test zone (760), indicates a 
negative result. Figures 11(c), 11(d) and 11(e) illustrate schematically the 
manner in which positive results may be indicated on such a strip when analyte 

25 is present in the sample in relatively low, medium and high quantities, 
respectively. Thus, this embodiment is useful in determining the presence of 
analyte in both a quantitative and qualitative manner. 
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4th Embodiment 

Figure 12 illustrates the fourth embodiment of a typical strip for detecting the 
presence of an analyte of interest in a biological liquid sample according the 
present invention. The strip, generally designated (800) comprises a porous 
5 membrane (830) suitably adhered to a solid support (820). The strip (800) is 
typically elongate and conveniently rectangular, and comprises an first end 
(812) and a second end (814). The strip (800) is also preferably of a 
rectangular cross section, having a width greater than its depth. Typically, said 
membrane (830) is a cellulose or nitrocellulose membrane. 

The said strip (800) comprises a test zone (850) of the invention is preferably 
delineated on said porous membrane (830) and comprises a first biological 
agent, bound in said test zone (850) to said porous membrane capable of 
specifically conjugating with said analyte of interest. The test zone (850) is 
preferably in the form of an elongate band (852), though it may take other 
forms. 

The strip (800) according to the invention further comprises at least one 
control zone (860) which is delineated on said membrane (830) and typically 
located downstream of the said test zone (850), though the control zone (860) 
may alternatively be located upstream of the said test zone (850) or within it. 
The control zone (860) comprises a coloured material capable of being washed 
away from said control zone (860) upon contact with said liquid sample. The 
said coloured material is chemically inert with respect to at least the analyte of 
interest, and said coloured material is typically a food dye, a blue cobalt salt or 
any other suitable chemically inert water-soluble marker. 

25 The test strip (800) of the invention may be used as follows. The said first end 
(812) of the strip (800) is immersed in a biological liquid sample contained in 
a vessel, previously mixed with labelled particles. Alternatively, the strip may 
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be immersed sequentially in the liquid sample to be tested contained in one 
vessel and in a buffer solution containing the labelled particles contained in 
another vessel in a suitable buffer solution. The strip is then removed from the 
vessel(s). The disappearance of the colour from the said control zone (860) 
5 indicates that the test is valid and that the strip was used properly, while there 
are no other detectable changes in the test zone (860), indicates a negative 
result. Whereas, with a positive result, a detectable signal, distinguishable from 
the coloured marker will appear in said test zone. 

According to the present invention, and within the preferred embodiments as 
10 hereinbefore described, said labelled particles are preferably bound to a second 
biological agent, said second biological agent being a protein, a peptide, or an 
antibody directed against a human immunoglobulin. 

The analyte of interest to be detected can be an antibody, such as antibodies 
directed against Human Immunodeficiency Virus 1 (HIV-1), Human 
15 Immunodeficiency Virus (HIV-2), Hepatitis B surface Antigen (HBsAG) or 
Hepatitis C Virus (HCV), such that the said first biological agent comprises 
antigens which specifically bind to said HIV-1, HIV-2, HBsAg or HCV 
antibodies, respectively. 

The analyte of interest can also be a hormone, such as, for example, Human 
20 Chorionic Gonadotropin (HCG), Luteinizing Stimulating Hormone (LH), 
Follicle Stimulating Hormone (FSH) or Thyroid Stimulating Hormone (TSH), 
and said first biological agent thus is preferably selected from antibodies 
which specifically bind to said HCG, LH, FSH or TSH, respectively. 

Further, the analyte of interest may be CK-MB, prolactine, an opiate, THC or 
25 an amphetamine, and thus said first biological agent may comprise antibodies 
which specifically bind to said CK-MB, prolactine, opiate, THC or 
amphetamine, respectively. 
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Further, the analyte of interest may be any other biological or chemical 
material. Thus, other proteins or peptides may be detected by the strip of the 
invention. Such proteins may be, for example, enzymes which are capable of 
conjugating with said labelled particles and with a suitable substrate at said test 
5 zone. The action of the enzyme on the substrate may give rise to the formation 
of a detectable signal. 

The analyte of interest may also be a microorganism, such as, for example, a 
Salmonella sp., a Chlamydia sp., a Streptococcus hemoliticus group A (Strep- 
A) or Streptococcus hemoliticus group B (Strep-B), said test zone carries 
10 antibodies directed against said Salmonella sp., a Chlamydia sp., a 
Streptococcus hemoliticus group A (Strep-A) or Streptococcus hemoliticus 
group B (Strep-B), respectively, and said first biological agent may then 
comprise antibodies which specifically bind to said Salmonella sp., Chlamydia 
sp., Strep-A or Strep-B, respectively. 

15 Of particular interest, but not limited thereto, the analyte to |pe detected in said 
biological liquid sample is HCG. 

In a different aspect, the invention relates to a method for detecting the 
presence of an analyte of interest in a biological liquid sample comprising the 
steps of (a) providing a test strip comprising: (i) a porous membrane suitably 

20 adhered to a solid support; (ii) at least one test zone on said porous membrane 
comprising a first biological agent bound thereto, capable of specifically 
conjugating to said analyte of interest; (iii) at least one control zone delineated 
on said membrane, said at least one control zone comprising a coloured 
material capable of being washed away from said control zone on contact with 

25 said liquid sample; (b) bringing said biological liquid sample into contact with 
labelled particles bound to a second biological agent, said second biological 
agent being capable of conjugating with said analyte of interest, upon contact 



WO 98/22824 PCT/IL97/00377 

19 

therewith; (c) immersing the test strip obtained in step (a) in the mixture 
obtained in step (b), such that said analyte of interest, if present in said 
biological liquid sample, specifically conjugates with said first biological 
agent; whereby the mere disappearance of said coloured material from the 
5 control zone indicates the absence of said analyte from said sample and the 
disappearance of said coloured material from the control zone together with 
the appearance of a detectable signal indicative of the presence of said labelled 
particles in said test zone indicates the presence of analyte in said sample. 

Further, a test strip for use in the above described method of the invention, is 
10 within the scope of the invention. This test strip comprises a porous membrane 
suitably adhered to a solid support; at least one test zone on said porous 
membrane comprising a first biological agent bound thereto, capable of 
specifically conjugating with said analyte of interest; and at least one control 
zone delineated on said membrane, said at least one control zone comprising a 
15 coloured material capable of being washed away from said control zone upon 
contact with said liquid sample. { 

In an additional embodiment, the invention provides a test strip for use in the 
method of the invention as hereinbefore described, which comprises a porous 
membrane suitably adhered to a solid support, said solid support substantially 

20 extending upstream from said membrane to provide a handle-like extension; a 
test zone on said porous membrane comprising a first biological agent bound 
thereto, capable of specifically conjugating with said analyte of interest; a 
control zone delineated on said membrane, said at least one control zone 
comprising a coloured material capable of being washed away from said 

25 control zone upon contact with said liquid sample, said test strip being 
characterized in that it further comprises a transparent, non-permeable, 
observation cover suitably attached onto said membrane, juxtaposed to said 
support, and having substantially the size and shape of said membrane. 
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Finally the invention is concerned with a method of detecting the presence of 
an analyte of interest in a biological liquid sample by employing the test strip 
of the invention, said method comprising the steps of applying a sufficient 
amount of said biological liquid sample onto said matrix; allowing the liquid 
5 sample to migrate at least downstream along said membrane, towards said 
second end, and determining whether or not said analyte of interest is present 
in said biological liquid sample whereby the mere disappearance of said 
coloured material from the control zone indicates absence of said analyte from 
said sample while the disappearance of said coloured material from the control 
10 zone together with the appearance of a detectable signal in said test zone 
indicates the presence of said analyte of interest in said sample and the 
preservation of said coloured material in said control zone indicates improper 
use. - 

The test strips of the invention may be prepared by a method comprising the 
15 following steps: adhering a porous membrane onto a solid. support, applying 
said first biological agent (e.g. an antibody or antigen or any other biological 
agent which may specifically bind to said analyte of interest), preferably 
present in a buffer solution, onto said membrane, to form the test zone and 
drying the same, applying said coloured material onto said membrane to form 
20 said control zone, applying the labelled particles, preferably with said second 
biological agent bound thereto, to the matrix and fixing the same preferably to 
said first end of said porous membrane, and drying the same. 

As already noted above, the coloured control zone is necessary in order to 
determine whether the test was conducted properly. There are, nevertheless, 
25 additional advantages of having said coloured control zone, over the test strips 
known in the prior art, may be found when the control zone is located within 
said test zone. Such an integral zone may be obtained by mixing the coloured 
material and the first biological agent prior to application thereof onto said 
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membrane. One advantage obtained thereby, for example, is significant during 
the process for manufacturing said test strips, since only one application 
process onto said membrane is required, which evidently will enable to reduce 
machine "printing time" by about 50%. Nonetheless, an integral test zone and 
5 control zone will enable the user to easily anticipate the location of the signal 
produced when the test results are positive. 

In addition, the application of a mixture of a coloured material, acting as the 
control, with the first biological agent, will ensure the manufacturer, simply by 
eyesight, that the biological agent has been applied to said membrane, and 
10 thus, that the product is in integrity. Therefore, the control zone acts also s a 
quality control footprint. 

Naturally, additional quality control means, may be provided by printing 
additional control zones on said membrane, in other areas. For example, a 
second control zone may be applied to said membrane at the second end of 
15 said strip. Such marker can easily indicate to which end<of the test strip the 
liquid sample has to be applied, in case using the strip as such. In case the strip 
is accommodated within a housing which has said inlet port, if this coloured 
signal is visible through said inlet port, it would indicate that the strip has been 
inserted into said housing in the wrong direction. 

20 Another advantage of the strip of the present invention over the known 
devices, usually accommodated within a housing and packed in moisture-proof 
packaging such as aluminum pouches, is that an accidental puncture of the 
packaging or production defects yielding incomplete sealing of said packaging 
or housing will result in a non- visible control zone. Thus, use of hygroscopic 

25 colors for the control zone, as in the present invention, will enable the 
indication of any exposure to humidity prior to use, since as a result of such 
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exposure, the colour in the control zone will change, e.g. from blue in the diy 
form to brown in the hydrous form. 

All the embodiments of the present invention can be used for quantitative 
measurements when required. Any suitable instruments, as known to the man 
5 skilled in the art, may be of use, depending on the type of the detectable signal 
obtained. The man skilled in the art would know, in accordance with the signal 
produced by the presence of said analyte of interest, which methods of 
analytical determinations and instruments to use. 
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CLAIMS: 

1. A test strip for detecting the presence of an analyte of interest in a 
biological liquid sample, said strip comprising: 

- a porous membrane suitably adhered to a solid support and having a 
first end and a second end; 

- a matrix comprising labelled particles suitably fixed onto said first end 
of said porous membrane, said labelled particles capable of conjugating 
with said analyte of interest, upon contact therewith, to form a 
conjugate capable of migrating at least downstream along said 
membrane toward said second end when said membrane is in a wet 
state; 

- at least one test zone delineated on said porous membrane downstream 
of said matrix, said at least one test zone comprising a first biological 
agent bound thereto capable of specifically conjugating with said 
analyte of interest, 

- at least one control zone delineated on said membrane and located 
downstream of said matrix, said at least one control zone comprising a 
coloured material capable of being washed away from said control zone 
on contact with said liquid sample, as said liquid sample migrates across 
said control zone towards said second end. 

2. The test strip according to claim 1 further comprising a first spongy 
material which may be pretreated with a suitable buffer solution suitably 
fixed onto at least said matrix. 

3. The test strip according to claim 1 or 2 further comprising a second 
spongy material suitably fixed to said porous membrane downstream of 
said control zone and said test zone. 

4. The strip according to claim 2 wherein said first spongy material is filter 
paper. 
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5. The strip according to claim 3 wherein said second spongy material is 
filter paper. 

6. The test strip according to any one of claims 2 to 5 wherein said buffer is 
PBS, borate buffer or any other suitable buffer. 

7. The test strip according to any of the preceding claims comprising a 
single test zone downstream to said matrix, said test zone being in the 
form of a narrow band across substantially the width of said strip and 
substantially orthogonal to the migration path of said liquid sample on 
said membrane. 

8. The test strip according to any of claims 1 to 6 comprising a single test 
zone downstream of said matrix, said test zone being in the form of an 
elongate band having a width substantially equal to the width of the said 
strip. 

9. The test strip according to any of claims 1 to 7 comprising a plurality of 
test zones. 

10. The test strip according to claim 9 wherein said plurality of test zones are 
sequentially located adjacent one to another on said strip. 

11. The test strip according to any of the preceding claims wherein said 
porous membrane is a cellulose or nitrocellulose membrane. 

12. The test strip of claim 1 wherein said control zone is located within said 
test zone. 

13. The test strip according to claim 1 wherein said control zone is located 
upstream of said test zone. 

14. The test strip according to claim 1 wherein said control zone is located 
downstream of said test zone. 

15. The test strip according to any of the preceding claims wherein said 
labelled particles comprise colloidal gold particles or coloured latex 
particles. 
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16. The strip according to any of the preceding claims wherein said matrix is 
comprised of fiber glass, polyester or any other suitable material which 
does not prevent said labelled particles from migrating along the 
membrane when said membrane is in a wet state. 

17. The test strip according to any of the preceding claims wherein said 
coloured material is chemically inert with respect to at least the analyte 
of interest, said coloured material being a food dye, a blue cobalt salt or 
any other suitable chemically inert water-soluble marker. 

18. The test strip according to any of the preceding claims wherein said 
labelled particles are bound to a second biological agent, said second 
biological agent being a peptide or a protein. 

19. The test strip according to any of the preceding claims wherein said 
analyte of interest is: 

- an antibody, preferably an antibody directed against Human Immuno- 
deficiency Virus 1 (HIV-1), Human Immunodeficiency Virus (HIV-2), 
Hepatitis B surface Antigen (HBsAG) or Hepatitis C Virus (HCV), 
wherein said first biological agent comprises antigens which specifically 
bind to said HIV-1, HIV-2, HBsAg or HCV antibodies, respectively; 

- a hormone, preferably Human Chorionic Gonadotropin (HCG), 
Luteinizing Stimulating Hormone (LH), Follicle Stimulating Hormone 
(FSH) or Thyroid Stimulating Hormone (TSH), wherein said first 
biological agent comprises antibodies which specifically bind to said 
HCG, LH, FSH or TSH, respectively; 

- CK-MB, prolactine, an opiate, THC or an amphetamine, wherein said 
first biological agent comprises antibodies which specifically bind to said 
CK-MB, prolactine, opiate, THC or amphetamine, respectively; or 

- a microorganism, preferably Salmonella sp., a Chlamydia sp., a 
Streptococcus hemoliticus group A (Strep- A) or Streptococcus 
hemoliticus group B (Strep-B), said test zone carries antibodies directed 
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against said Salmonella sp., a Chlamydia sp., a Streptococcus hemoliticus 
group A (Strep-A) or Streptococcus hemoliticus group B (Strep-B), 
respectively, wherein said first biological agent comprises antibodies 
which specifically bind to said Salmonella sp., Chlamydia sp., Strep-A or 
Strep-B, respectively. 

20. The test strip according to any of claims 1 to 19, accommodated within a 
housing, said housing enabling at least part of said matrix to be in 
communication with the exterior of said housing such that said sample 
can be applied to said test strip, and further comprising a window 
juxtaposed over at least a portion of said strip, the said membrane located 
on said portion being in visual communication with the exterior of the 
housing, wherein said portion comprises at least a part of at least one said 
test zone and further comprises said at least control zone. 

21. The test strip according to claim 20, wherein said strip comprises at least 
one test zone upstream of said window for conjugating with a quantity of 
said analyte in said sample up to a predetermined minimum quantity of 
said analyte, whereby only quantities of analyte in said sample in excess 
of said minimum quantity are rendered visible via said window by virtue 
of further conjugation of said excess quantity of analyte with said 
biological agent comprised in a test zone comprised within said portion. 

22. The test strip according to claims 20 or 21 wherein said matrix is in 
communication with the exterior of said housing via an inlet port 
comprised in said housing, wherein said inlet port enables said sample to 
be brought into contact with said matrix. 

23. The test strip of claims 20 or 21 wherein said matrix is in communication 
with the exterior of said housing via a bibulous receiving member which 
protrudes from said housing upstream of said matrix and is in 
communication therewith, wherein said receiving member may act as a 
reservoir for receiving said liquid sample and releasing it onto at least 
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said matrix, said receiving member may be immersed into a vessel 
comprising a quantity of said liquid sample. 

24. A method for detecting the presence of an analyte of interest in a 
biological liquid sample comprising the steps of: 

- providing a test strip comprising:- 

- a porous membrane suitably adhered to a solid support; 

- at least one test zone on said porous membrane comprising a first 
biological agent bound thereto, capable of specifically conjugating 
with said analyte of interest; 

- at least one control zone delineated on said membrane, said at least 
one control zone comprising a coloured material capable of being 
washed away from said control zone upon contact with said liquid 
sample; 

- bringing said biological liquid sample into contact with labelled 
particles bound to a second biological agent to form a mixture, said 
second biological agent capable of conjugating with said analyte of 
interest, upon contact therewith; 

- immersing the test strip obtained in step (a) in the mixture obtained by 
step (b), such that said analyte of interest, if present in said biological 
liquid sample, specifically conjugates with said first biological agent; 
whereby: 

- mere disappearance of said coloured material from said control zone 
indicates the absence of said analyte of interest from said sample; and 

- disappearance of said coloured material from said control zone 
together with the appearance of a detectable signal indicative of the 
presence of said labelled particles in said test zone indicates the 
presence of said analyte of interest in said sample. 

25. A test strip for use in the method of claim 23, said test strip comprising: 

- a porous membrane suitably adhered to a solid support; 
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- at least one test zone on said porous membrane comprising a first 
biological agent bound thereto, said first biological agent being 
capable of specifically conjugating with said analyte of interest; 

- at least one control zone delineated on said membrane, said at least 
one control zone comprising a coloured material capable of being 
washed away from said control zone upon contact with said liquid 
sample. 

26. A test strip for use in the method of claim 24, said test strip comprising: 

- a porous membrane suitably adhered to a solid support, said solid 
support substantially extending upstream from said membrane to 
provide a handle-like extension; 

- a test zone on said porous membrane comprising a first biological 
agent bound thereto, capable of specifically conjugating with said 
analyte of interest; 

- a control zone delineated on said membrane, said at least one control 
zone comprising a coloured material capable of being washed away 
from said control zone upon contact with said liquid sample; 

said test strip being characterized in that it further comprises a 
transparent, non-permeable, observation cover suitably attached onto 
said membrane, juxtaposed to said support, and having substantially 
the size and shape of said membrane. 

27. A method of detecting the presence of an analyte of interest in a 
biological liquid sample by employing a test strip according to claim 1 
comprising the steps of: 

- applying a sufficient amount of said biological liquid sample onto 
said matrix, and allowing the liquid sample to migrate at least 
downstream along said membrane, towards said second end, 

- determining whether or not said analyte of interest is present in said 
biological liquid sample whereby: 
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- mere disappearance of said coloured material from the control zone 
indicates absence of said analyte from said sample; 

- disappearance of said coloured material from the control zone 
together with the appearance of a detectable signal in said test zone 
indicates the presence of said analyte of interest in said sample; and 

- preservation of said coloured material in said control zone indicates 
improper use. 

28. A method according to claim 27 or 30 for the detection of HCG in a 
liquid biological sample. 
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